Density (ρ), ultrasonic velocities (u) and dynamic viscosity (η) for three binary clusters of Trichloroethylene with 1-pentanol, 1-hexanol and 1-heptanol are experimented at ambient temperature 303.15K at atmospheric pressure over various compositions. The density and viscosity are calibrated using Specific gravity bottle and Ostwald's glass capillary viscometer respectively. The velocity is measured using ultrasonic interferometer. Molar volume, adiabatic compressibility, Intermolecular free length, and Wada's Constant are calculated using the above measured values. The excess parameters viz., excess molar volume, excess adiabatic compressibility, excess intermolecular free length, viscosity deviation are also deducted from experimental values. Intermolecular interactions, and structural interactions present in various mixture are discussed in detail.
INTRODUCTION
The physical and chemical properties of mixed liquids are influenced by the intermolecular forces. [1] [2] [3] [4] [5] Knowledge of density and viscosity is important in designing the processes involving chemical separations, equipment design, solution theory, heat transfer, fluid flow and molecular dynamics. The research findings [6] [7] [8] [9] [10] proved that the data on viscosity are useful for testing the theories and empirical relations of liquid mixtures. The study of the ultrasonic velocity in liquids and liquid mixtures and its influence on molecular structure were studied by several researchers. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Ultrasonic studies in binary mixtures of hydrocarbon liquids with several alcohols were carried [23] [24] and observed, "Ultrasonic velocity has a parabolic variation with the composition of the mixture in several aqueous mixtures of alcohols". In many studies carried out 25 , it was observed that " the negative excess molar volume can be complimented to the strong interaction between unlike molecules through hydrogen bonding for the binary mixtures of 1,1,2,2-tetrabromoethane with 1-pentanol, 1-hexanol, 1-heptanol, 1-octanol and 1-decanol at the temperatures of 298.15 and 303.15 K and concluded that such a behavior is the result of several opposing effects. 26 The variation of excess molar volume, deviation in viscosity and excess Gibb's free energy of binary mixtures of bromoform with anisole, acetophenone, ethyl benzoate, 1,2-dichloroethane and 1,2,2-tetrachloroethane was studied earlier. 27 The authors discussed compound values in terms of thermodynamic interactions involved between the binding components. In another study carried out 28 in aqueous solutions of alcohols and amines, excess thermodynamic properties such as excess enthalpy and excess Gibb's free energy of flow were calculated and it was shown that these liquids also exhibit strong peaks at intermediate concentrations.
systems. The results were discussed in the wake of emerging theories of molecular interaction involved and the chemical constitution of the liquid components. The literature survey on the ultrasonic studies as mentioned above indicates that though investigations on various properties of binary liquid mixtures have been carried out, not much work has been done on Trichloroethylene with alcohols. Therefore, detailed investigations on three binary liquid mixture, systems viz, (1.) Trichloroethylene + 1-pentanol, (2.) Trichloroethylene + 1-heptanol and (3.) Trichloroethylene+ 1-hexanol were undertaken to obtain reliable velocity, density and viscosity data at 303.15 K in the entire range of compositions. From these data, Molar volume (V), Excess molar volume (V E ), Adiabatic compressibility (βad), Acoustic impedance (Z), Deviation in adiabatic compressibility (∆βad), Intermolecular free length (Lf) Excess intermolecular free length (∆ Lf E ), Deviation in viscosity (∆η), excess acoustic impedance (Z E ) Rao's Constant (R) Wada's Constant (W) were also calculated. The data ascertained was employed to understand intermolecular interactions between the unlike molecules and to test the theories of solutions.
EXPERIMENTAL
High purity and AR grade samples used in the present study were obtained from Merck Co. Inc., Germany. The liquids were distilled before use and mixed in the desired proportions using burette and are allowed to stay for 5 or 6 hours to attain thermal equilibrium before reading the experimental observations. Dissolved gases in the organic liquids are often a source of bubble formation, which introduces error in density measurements. In order to supersede the difficulty, all the liquids were degassed before taking readings. Variable path ultrasonic interferometer having a gold plated x -cut quartz crystal with a natural frequency of 2 MHz with an accuracy of + 0.1 ms -1 supplied by M/s Mittal enterprises ( model-05 F ), New Delhi (India), was used in the investigation. A digitally operated constant temperature bath to circulate water through the double walled measuring cell made of steel with a thermostat fixed with accuracy of + 0.05% was used to control the temperature. The densities of all the liquids and liquid mixtures have been measured using a 10ml specific gravity bottle. The weight of the solution was measured correct to 0.1 mg. by means of chemical balance. The viscosities have been determined by means of Ostwald's viscometer with an accuracy 0.001Nm -2 s. The Viscometer was calibrated before use. The measurement of densities, viscosities and velocities for all the mixtures has been made at 303.15K. The time of flow of water and time of flow of solution were measured using digital stopwatch. In the entire experimental work, measurements have been made five times and the average values were taken into consideration to reduce the possible experimental error. The variation in the measurements is within an error of 0.1%.
Theory Excess Volume (V E )
If V is the mean molar volume of a binary liquid combination. Excess molar volume is calculated using the relation:
Where, V1 V2 and X1 , X2 are the molar volumes and the mole fractions of binary liquid mixture respectively.
Adiabatic Compressibility (βad) Preconceiving that ultrasonic absorption is negligible, adiabatic compressibility can be arrived from the density and velocity of ultrasonic sound using the relation:
Acoustic Impedance (Za) The specific acoustic impedance is: Za = Uρ 
RESULTS AND DISCUSSION
The measured values of ultrasonic velocity (U), density (ρ), viscosity (η) and computed values of deviation in viscosity (∆η), molar volume (V), excess molar volume (V E ), adiabatic compressibility (βad), acoustic impedance (Z), deviation in adiabatic compressibility (∆βad), intermolecular free length (Lf), excess intermolecular free length (Lf as function of composition. In the entire range of composition at 303.15K the excess volumes for all the three systems were found to be negative, as shown in Fig.-2 . The data indicates that there exists a volume contraction in mixing and the negative excess volumes reach a minimum value at about 0.5 mole fraction of trichloroethylene. The three results indicate the closer approach of unlike molecules due to strong interaction 38 . The indication of excess volume (V E ) of a system depends on the relative magnitude of expansion/contraction on mixing of two liquids. The V E becomes negative causing expansion and dominate the factors causing contraction, then V E becomes positive. On the other hand, if the contractive factors dominate the expansive factors, then V E becomes negative. ii. Accommodation of one kind of molecule component into the other interstitials of molecules with each other component. iii.
Nature of the molecular structure that favors fitting of the component molecules with each other.
The excess volumes of all the three systems were found to be negative at the temperature studied indicates the existence of strong dipole-dipole interactions between the components. This is due to the dominance of the above mentioned factors responsible for contraction in volume.
Several workers [41] [42] [43] [44] [45] observed similar trends. This behavior is attributed mainly to the specific interactions between unlike molecules of the systems. Another important parameter to understand the structural adjustment in solution due to molecular interactions is the intermolecular free length. The intermolecular free length (Lf), adiabatic compressibility (βad) have inverse relationship with ultrasonic velocity (U) shown in Figures-3 and 4 . Presence of maxima U and minima in βad and Lf at the same concentrations indicate strong interaction through the formation of hydrogen-bonding and dipole-dipole interactions between the components. 46 For all the three systems the linear free length decreases with increases in the mole fraction of trichloroethylene. At an intermediate composition for all three systems the variation of excess free length with mole fraction Fig.-3 indicates that there exists a broad minimum in excess free length. In case of all the systems studied, the minimum value is obtained at about 0.5 mole fraction of trichloroethylene. The negative excess mean free length for all the three systems in the entire range of compositions also indicates the existence of strong interaction between the components. 47 Deviations in adiabatic compressibility can be explained in terms of its contributions made by the following factors: (a) The difference in size and shape of the component molecule leads to decrease in sound velocity and increase in adiabatic compressibility and (b) A decrease in free lengths as a result of dipole-dipole interactions or hydrogen bonded complex formation between unlike molecules leads to decrease of sound velocity and increase of compressibility.
The experimental values of deviations in compressibility in all the three systems at an intermediate composition are negative (Fig.-4) .Negative deviations in compressibility indicates strong molecular interactions in liquid mixtures while positive sign is an indication of weak interactions due to dispersion forces. The negative deviation in compressibility for all the three systems studied indicate the existence of strong interaction between the unlike molecules. [48] [49] The diversity in viscosity (∆η) gives a quantitative estimate of intermolecular interactions. The ∆η at each composition is obtained from the relation suggested by Fort and Moore 50 . The diversity in viscosity becomes positive as the strength of interaction increases. The ∆η values may be generally explained considering on the following factors: [51] [52] [53] [54] 1. The differences in the size and shape of the component molecules and the loss in dipolar interactions in pure components may contribute to a decrease in viscosity. 2. The specific interactions between unlike molecules in hydrogen bond formation and charge transfer complex may lead to increase in viscosity in combinations than in pure components. The later effect introduces positive deviation while the former effect produces negative deviation in viscosity. The net deviation in viscosity is generally considered as a result of the two major effects. The deviations in viscosity for the three systems at the temperature (303.15 K) are negative indicating the dominance of nonspecific interactions between unlike molecules. The experimental values of viscosities as a function of mole fraction of trichloroethylene for three systems are shown in Fig-5 . The three systems exhibit a positive deviation of excess viscosity over entire mole fraction range with a maximum corresponding to a mole fraction of about 0.5 at the temperature studied. These deviations indicate specific molecular interactions between different molecules. The variation in the size of the molecules will influence the intermolecular forces therefore the excess thermodynamic properties will be effected. [55] [56] An increase in the values of Z with the mole fraction of trichloroethylene for all the combinations shows the presence of specific interactions between unlike molecules. [57] [58] [59] [60] The negative or positive deviations in Z E and U E from rectilinear dependence on composition of the mixtures indicate the extent of association or dissociation between unlike molecules and these are represented in Tables-3, 5 and 7 respectively for all the three systems studied over the entire range of combination at 303.15K. Positive deviations indicate the increase in strengthen of interaction between component molecules of the liquid mixtures. [61] [62] [63] [64] . The positive deviations in ultrasonic velocity can be interpreted in two opposing effects 65 as: i.
Components exert a mutual structure-breaking effect on mixing. ii.
Hydrogen bond interactions between unlike molecules.
The first effect contributes to an increase in the free length, leading to a negative deviation in the speed of sound and the latter effect contributes to a positive deviation in the speed of sound. 62 The sign and magnitude of the actual deviation depend on the relative strengths of the two effects. The experimental values of U E focus that the latter effect dominates in all the three systems. From the above stated conclusion, it is clear that there is a strong association between unlike molecules in the liquid combinations and this interaction may be accompanied by the disruption of the structure of the components. Strong interactions arise among the components of a liquid combination leading to formation of molecular aggregates and more compact structures leading to the sound waves to travel faster through the combination and therefore the speed of sound deviations will be positive. On the other hand, if the predominant effect in the combination is structure breaking and results in expansion, the speed of sound through the combination will be slower and the deviation will be negative. 65 In the present study the excess ultrasonic velocity of all binary clusters are positive which indicate that structure making effect is predominant.
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CONCLUSION
In this work, we have measured density, viscosity and velocity of sound using binary clusters of trichloroethylene with 1-pentanol, 1-hexanol and 1-heptanol at the temperature 303.15K. Deviations in speed of sound, excess molar volume, viscosity, adiabatic compressibility, excess free length and acoustic impedance are calculated. The deviation in viscosity and acoustic impedance show positive behavior, while excess molar volume, deviation in adiabatic compressibility and excess free length show negative behavior for the systems under investigation indicating strong interactions between the components. However, the deviation in sound showed positive trend. 
